Objective. To examine a nationally representative sample of US children aged 6 to 16 years old and determine whether there are differences in risk factors and measures of severity between children with different asthma phenotypes.
A sthma is a chronic inflammatory disorder of the airways that causes recurrent episodes of wheezing and other respiratory symptoms in an estimated 5 million children in the United States. 1, 2 Asthma prevalence, morbidity, and mortality has increased in the United States since 1980 for reasons that are not clear. 3, 4 For decades, clinical differences in asthma presentation have been recognized and led to its description as a heterogeneous disorder. 5 Subtypes originally identified were referred to as intrinsic and extrinsic asthma, but this terminology has since been abandoned and relabeled as atopic and nonatopic asthma, often delineated on the basis of positive skin tests to common allergens or the presence of antibodies in the blood. [5] [6] [7] [8] [9] In addition to these 2 clinical phenotypes, another phenotype describing children whose asthma resolves as they age has been reported and linked in the literature to premature birth and prenatal maternal smoking. 8, 10 Finally, many studies have addressed the prevalence and risk factors of "undiagnosed asthma" defined by frequent respiratory symptoms or wheezing. [11] [12] [13] [14] Although many studies have described the similarities and differences between asthma phenotypes for immunologic markers and airway lability, 6, [15] [16] [17] fewer have described the epidemiologic and clinical characteristics of asthma across different phenotypes in a generalizable sample. 8, 18 We analyzed data among children who were aged 6 through 16 years from the Third National Health and Nutrition Examination Survey (NHANES III) and classified them into 5 respiratory phenotypes: current physician-diagnosed atopic asthma, current physician-diagnosed nonatopic asthma, resolved physician diagnosed asthma, frequent respiratory symptoms with no asthma diagnosis, and normal. Potential asthma risk factors and measures of severity were assessed across these phenotypes.
physical examination, including pulmonary function testing, at a specially equipped mobile examination center. A knowledgeable proxy, usually a parent or a guardian, completed questionnaires for participants who were younger than 17 years.
Participants and Demographics
We limited the analysis to children who were aged 6 to 16 years and had data on age, gender, race, and BMI. NHANES III participants underwent a physical examination that included allergy skin testing for children aged Ն6 years and pulmonary function testing for children aged Ն8 years. Allergens tested included 3 indoor allergens (house mite, cat, and cockroach), 6 outdoor allergens (ragweed, perennial rye, Alternaria, Bermuda grass, Russian thistle, and white oak), and 1 food allergen (peanut). Laboratory analysis, including serum cotinine levels, was completed on children who were Ն4 years of age. 19 
Phenotype Definition
To delineate children who had asthma from those who did not have asthma, we used a positive answer to the question, "Has a doctor ever told you that your child has asthma?" Children then were classified as currently having asthma when the respondent answered positively when asked, "Does the child still have asthma?" Among this group, the children were stratified further by their allergen skin test status. Those with a positive reaction (wheal diameter Ն3 mm than saline control) for 1 or more allergens were classified as having atopic asthma. Those who reported a history of positive skin testing or eczema but did not undergo skin testing (n ϭ 5) were also included in this group. Those with negative skin testing were classified as having nonatopic asthma. Patients with current asthma but no skin testing were excluded from the study (n ϭ 48). Those who had a previous diagnosis but denied having current asthma were classified as having resolved asthma. Children without a diagnosis of asthma but who reported moderate or severe respiratory symptoms (see below) were classified as having frequent respiratory symptoms. Finally, all children who did not meet the previous criteria were classified as normal.
Variable Definitions
We classified the race/ethnicity of the participating children as white, black, Mexican-American, or other. We used education of the responding adult and poverty/income ratios (PIRs) as proxies for socioeconomic status (SES). The PIR is determined on the basis of the family income and number of people in the household. 19 Age-and gender-specific percentiles were calculated for BMI. 20 Children were classified as having been exposed to prenatal maternal smoke when the respondent answered positively to the question, "Did mother smoke while pregnant with child?" (asked only of children 11 years and younger). Finally, children were classified as having attended child care before age 4.
Serum cotinine levels were determined using high-performance liquid chromatography atmospheric-pressure chemical ionization tandem mass spectrometry, as described elsewhere. 21 Those with cotinine levels Ͼ15 ng/mL were considered active smokers. 21 For PIR, BMI, education, and smoke exposure, we used continuous data in the regression models.
Measures of Severity
Severity of respiratory symptoms was classified as no symptoms when the respondent reported no episodes of coughing, wheezing, or upper respiratory tract infection in the past 12 months. Mild symptoms were defined as 1 to 11 episodes, moderate symptoms as 12 to 300 episodes, and severe symptoms as Ͼ300 episodes (typically reported as "daily") in the past 12 months. Symptom aggravation was determined by positive answers to questions that asked whether respiratory symptoms were brought on by pollen, house dust, animals, and exercise or cold air. Skin-test positivity was stratified into indoor allergen, outdoor allergen, and food allergen groups as defined above. Respondents were asked to list any prescription medications that the children were using and the diagnosed condition for these medications. We searched for medication that is typically used for asthma (eg, inhaled bronchodilators, inhaled steroids) and classified these as inhaled steroids, inhaled bronchodilators, or other medication used for asthma. Indicators of health status were determined by the occurrence of at least 1 hospitalization for wheezing in the past 12 months, at least 1 emergency department (ED) or unscheduled doctor's office visit for wheezing in the past 12 months, and Ͼ5 school absences in the past 12 months. Also, the respondent classified the child's health status according to his or her impression. This is reported as excellent/very good or as good/fair/poor. Finally, the examining doctor also classified the child's health status according to his or her opinion. This is also reported as excellent/very good or as good/fair/poor.
Spirometry was conducted on children who were 8 years or older using a dry rolling seal spirometer in the mobile examination center. Procedures for testing were based on the 1987 American Thoracic Society Recommendations. 22 To obtain spirometry acceptable according to the protocol, we performed 5 to 8 forced expirations. Several measures of lung function were used: the forced expiratory volume in 1 second (FEV 1 ), the forced vital capacity (FVC), and the FEV 1 /FVC ratio. Published prediction equations based on NHANES III data 23 were used to determine which participants had a low FEV 1 , defined as Ͻ80% of the predicted value. The FEV 1 /FVC ratio was also dichotomized with 0.80 as the cutoff.
Statistical Analysis
We calculated all estimates using the appropriate sampling weight to represent US children who were 6 to 16 years of age. For analyses, we used both SAS and SUDAAN. 24, 25 Weighted percentages are reported stratified by phenotype for variables and outcome measures except where geometric mean is indicated. We developed logistic and linear regression models to predict asthma risk factors by comparing children with each phenotype, separately, with normal children. We developed similar models to examine the outcomes of asthma severity, but, in addition, compared children in the asthma phenotype groups with children with atopic asthma. Variables included in these models were age, gender, race/ethnicity, PIR, education, BMI, cotinine level, prenatal maternal smoking, and child care attendance. Categorical outcome variables were dichotomized as follows: ethnicity, white versus all others; respiratory symptoms, severe or moderate versus mild or no symptoms; adult respondent's impression of health status, excellent or very good versus less than very good; and physician's impression of health status, excellent or very good versus less than very good. P Ͻ .05 for the regression coefficient was considered significant.
RESULTS
Of the 13 944 children who participated in NHANES III, 8261 were younger than 6 years and excluded from the analysis. We also excluded 390 for missing BMI, 48 children with current asthma but no skin testing, and 1 for missing cotinine levels. This resulted in an analytic sample of 5244 children who represented ϳ39.6 million US children. The 439 children who were 6 years and older and excluded from the study sample were similar to the children who were included with regard to age, gender, race/ ethnicity, reported prenatal smoking, and child care attendance (P Ͻ .05 for all).
Demographic characteristics for the analytic sample are depicted in Table 1 . We classified 4.8% of children as having atopic asthma, 1.9% as having nonatopic asthma, 3.4% as having resolved asthma, 4.3% as having frequent respiratory symptoms with no asthma diagnosis, and 85.6% as normal (Tables 1  and 2 ). Children with the 4 asthma phenotypes were similar to normal children for most demographic or potential risk factors. Exceptions were that in multivariate models that compared the 4 groups with normal children, children with atopic asthma had a lower mean PIR and a higher mean parental education level, children with nonatopic asthma had a higher mean BMI and a higher mean parental edu-cation level, children with resolved asthma had a higher prevalence of prenatal maternal smoking, and children with frequent respiratory symptoms had a higher prevalence of child care attendance and a higher mean parental education level ( Table 2 ; the confidence intervals for these associations are available from the authors).
Among children with atopic asthma, almost all (96.5%) reacted to at least 1 indoor allergen (Table 2 ). This finding can be contrasted with 41.1% of normal children who reacted to at least 1 indoor allergen (Table 2) . Table 3 depicts the asthma severity measures of respiratory symptoms, symptom aggravation, medication use, health status in the past 12 months, doctor's impression of health status, adult respondent's impression of health status, and lung function. When compared with normal children, a higher proportion of those with atopic or nonatopic asthma reported symptom aggravation with exposure to pollen, dust, animals, and cold air or exercise; had a hospitalization or ED/unscheduled doctor's office visit for wheezing; missed Ͼ5 days of school in the previous year; and had worse lung function (Table 3 ; confidence intervals are available from the authors). Every outcome except symptom aggravation by dust or pollen was similar between children with atopic and nonatopic asthma (Table 3 ; confidence intervals are available from the authors). Children with resolved asthma were, in general, more similar to normal children than those with atopic asthma (Table 3) . They did, however, have significantly lower lung function, as determined by the FEV 1 /FVC ratio, than did normal children (Table  3) .
Children who reported frequent respiratory symptoms had more symptom aggravation by pollen, dust, or animals and had a higher proportion reporting hospitalization for wheezing or an ED visit for wheezing in the previous year when compared with normal children, consistent with a definition requiring frequent respiratory symptoms for inclusion (Table 3). Their lung function was similar to that of normal children and significantly better than that in children with atopic asthma (Table 3) .
DISCUSSION
In this nationally representative sample of US children, we classified 4.8% of children as having atopic asthma, 1.9% as having nonatopic asthma, 3.4% as having resolved asthma, and 4.3% as having frequent respiratory symptoms with no asthma diagnosis. We found important similarities and difference for both potential risk factors and measures of severity among our 4 asthma phenotypes. Children with nonatopic asthma had higher mean BMIs. Prenatal maternal smoking and child care attendance were associated with resolved asthma phenotype and frequent respiratory symptom phenotype, respectively. Children with atopic and nonatopic asthma share the highest burden of hospitalization, ED visits, and school absences. A substantial proportion of all 3 phenotypes of physician-diagnosed asthma demonstrated lung function impairment. Of note, the frequent respiratory symptoms phenotype had a slightly higher prevalence of certain adverse events (symptom aggravation, ED visits, and school absences) than normal children but far less than those with a current physician diagnosis of asthma.
The association of increased BMI and asthma has been shown internationally in children and adults. [26] [27] [28] Our study adds to this knowledge by examining the effect of BMI across asthma phenotype. Children with nonatopic asthma had a significantly higher mean BMI (68.5 vs 57.7; P Ͻ .05) than normal children. These results support the existence of a complex relationship between asthma and BMI that may vary by asthma phenotype; however, the true relationship needs to be examined in longitudinal studies.
In our analysis, we expected serum cotinine levels to emerge as a phenotypic indicator because involuntary smoking by children has been linked to respiratory infections, middle ear disease, and asthma. [29] [30] [31] Current exposure to environmental tobacco smoke, however, did not predict any of the respiratory phenotypes in our cross-sectional analysis. Our data did concur with previous reports that children who are exposed in utero to tobacco smoke are at increased risk for wheezing that later resolves with age. 10, 32, 33 This group of children with "resolved" asthma had evidence that their respiratory disease had not truly resolved, but, perhaps, were less symptomatic at the time of the evaluation. Ominously, these children had lung function impairment similar to that seen in children with "current" asthma, suggesting that they may have ongoing lung inflammation, airway remodeling, or scarring related to the previous asthma diagnosis, tobacco smoke exposure, or other factors. 34 Another important finding in this analysis was that atopic and nonatopic asthma do not differ substantially with respect to most asthma severity measures, with the notable exception of symptom aggravation by dust or animals. This finding was surprising in that the literature documents differences in airway lability in children and risk factors in adults between atopic and nonatopic asthma. 9, 15 However, there is evidence that immunologic findings (eosinophilia and elevated serum immunoglobulin E) are similar among the 2 groups. 6, 17 Our data support these findings in a new arena and suggest that atopic and nonatopic asthma may be more similar than different clinically as well as epidemiologically.
Those who experience frequent respiratory symptoms in the absence of an asthma diagnosis are often classified in the literature as having probable or undiagnosed asthma. [11] [12] [13] [14] In our study, this phenotype was distinctly different from those with a physician diagnosis of asthma, particularly with regard to asthma severity measures and lung function. Therefore, it is possible that many children with frequent respiratory symptoms are not undiagnosed or have probable asthma but represent a process different from that of asthma. A small proportion of these children (Ͻ5%) were on "asthma" medications but for diagnoses other than asthma (Table 3) .
This study is potentially limited by its cross-sectional design as it can identify only associations and cannot establish causation. In addition, the possibility of misclassification exists as much of the data were self-reported by an adult proxy. Finally, the phenotypic definitions may not represent true differences in asthma presentation. Asthma is a complex disorder that may display various characteristics from each of the defined phenotypes.
In conclusion, asthma, which is an important cause of morbidity in US children, probably represents several different clinical entities with different risk factors and outcomes. Better subclassifications of both children and adults with asthma may ultimately lead to better interventions and treatments. A particularly worrisome finding in this analysis is the high proportion of children with "resolved" asthma who also have lung function impairment, suggesting that these children may be at risk for lower lung function or the development of chronic obstructive pulmonary disease as adults and may merit close clinical monitoring.
CARDIOLOGISTS SAY RANKINGS SWAY CHOICES ON SURGERY
"An overwhelming majority of cardiologists in New York say that, in certain instances, they do not operate on patients who might benefit from heart surgery, because they are worried about hurting their rankings on physician scorecards issued by the state, according to a survey released yesterday. The survey, which was sponsored by the School of Medicine and Dentistry at the University of Rochester, demonstrated the difficulty that many doctors have with the public disclosure of their performance data, an idea pioneered by New York State. In 1994, the state's Department of Health began to compile data on cardiologists performing coronary angioplasty, a less invasive procedure than bypass surgery for restoring blood flow to the heart. Eighty-three percent of the cardiologists surveyed said that because the state reports the mortality rates of heart surgeons, patients who might benefit from angioplasty might not receive the procedure. In addition, 79% of the doctors said that the knowledge that mortality statistics would be made public had, at times, influenced their decision on whether to operate. . . . 'I am really distressed by the responses we got from physicians,' said Dr Craig R. Narins, an author of a report on the survey. A practicing cardiologist, Dr Narins said he was aware of general discomfort with the state's physician rankings but surprised by the degree to which doctors disliked the system. According to the survey, about 75% of doctors said the reports did not serve to improve patient care in the state." Santora M. New York Times. January 11, 2005 Noted by JFL, MD ARTICLES
